Temporal macular involvement in sickle cell disease can now easily be detected by optical coherence tomography (OCT). However, while recent studies have demonstrated its high prevalence, little is known about its potential consequences on visual function.
M acular involvement has been described in patients with sickle cell disease (SCD) since the early 1970s. 1 Initially, macular asymptomatic capillary changes were reported using fluorescein angiography in about 32% of adult patients with homozygous (HbSS) SCD and 36% of those with double heterozygous (HbSC) SCD. 2 In a functional study using 30°automated static perimetry in 1987, Lee et al 3 showed in adults that macular areas of arteriolar occlusions were actually associated with paracentral scotomas. More recently, owing to the development of optical coherence tomography (OCT), asymptomatic areas of thinning of the inner retinal layers, predominating along the median temporal raphe, 4 were found in about 48% of adults with
HbSS SCD and 35% of those with HbSC SCD. 5 By using OCT angiography (OCT-A), it was then shown that these areas of retinal thinning were associated with signs of reduced vascular flow in the superficial and deep capillary plexuses. 6, 7 Such atrophy is usually considered asymptomatic; to our knowledge, only 1 series has assessed the visual function of these patients with more than visual acuity evaluation, using scanning laser ophthalmoscope microperimetry and showing correlations between retinal thinning and decreased retinal sensitivity. 8 We report 3 cases of HbSS SCD-2 children and 1 young adult-seen in the context of systematic screening with normal visual acuity, no clinical sign of SCD proliferative retinopathy, and in whom OCT showed bilateral areas of macular and perimacular thinning. Complete evaluation of their visual function was therefore performed.
Report of Cases
The 3 patients were diagnosed as having HbSS SCD and followed up in the ophthalmology department for an annual screening examination. Institutional review board approval from an ethics committee was waived as this is a retrospective medical record review. Consent to use data from medical records was obtained from patients.
Case 1
A preteen boy was included in a transfusion program for 3 years because of SCD cerebral vasculopathy. Transcranial Doppler had detected an abnormal velocity in the intrapetrous segment of the left internal carotid artery (ICA). The computed tomography angiography confirmed a 36% stenosis of the left ICA. Moreover, a 61% stenosis of the contralateral ICA was found, affecting the ophthalmic artery ostium, undetected by transcranial Doppler for technical reasons. Brain magnetic resonance imaging demonstrated a silent infarct in the left hemisphere on fluid-attenuated inversion recovery-weighted images and a 33% decreased cerebral blood flow in the same hemisphere on arterial spin labeling sequences.
Case 2
A boy in his early teens was included in a transfusion program 7 years prior because of a history of pathological transcranial Doppler in the left middle cerebral artery. Brain magnetic resonance imaging angiography performed a year prior showed a severe narrowing of the left ICA in its terminal part, extended to the middle cerebral artery, and associated with left moyamoya. Fluid-attenuated inversion recovery sequences demonstrated ischemic lesions in the left anterior and middle cerebral arteries territories. Arterial spin labeling sequences showed a decreased cerebral blood flow in the ischemic lesions, but were found normal in all other left and right cortical regions.
Case 3
A man in his mid-20s had severe chronic hemolytic anemia, with a baseline hemoglobin level around 5.5 g/dL (to convert to grams per liter, multiply by 10), and history of several acute chest syndromes, having led to a transfusion program in his teens. Brain magnetic resonance imaging angiography performed the following year showed an absence of signal in the precommunicant segment of the right anterior cerebral artery, suggesting a complete stenosis. Two silent infarcts were found in the right middle cerebral artery territory and 1 in the left anterior watershed territory. Contrast perfusion imaging demonstrated a 50% decreased cerebral blood flow in the left anterior watershed territory.
Results
All patients exhibited 20/20 distance visual acuity and Parinaud 1,5 near visual acuity in both eyes and did not have any visual symptoms, except for case 2, who, when asked about it retrospectively, had noticed a spot in his left eye for several years. Fundus examination only showed 1 black sunburst spot in the left eye of case 1 and in both eyes for case 2. None of the 3 patients showed any sign of proliferative sickle retinopathy (PSR). Figure 1 , Figure 2 , and Figure 3 show the findings of multimodal imaging and visual function testing for cases 1, 2, and 3, respectively. In all cases, OCT showed bilateral areas of focal macular and perimacular retinal atrophy, appearing as blue areas on the 12 mm × 9-mm thickness maps computed from the OCT volume (OCT RTVue XR100 Avanti Edition; Optovue). This retinal thinning was predominant in the inner layers, as seen on the horizontal, vertical, and en face OCT sections. These areas of atrophy matched with a decreased signal in the deep capillar vasculature, as seen on the 6 × 6 mm central OCT-A. In all cases, alterations of the macular function were noticed on the 30°and 12°automated central visual fields (scotomas matched the areas of retinal thinning), the Lanthony 15-hue color vision test, and an automated static contrast sensitivity test (Metrovision 
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International Society for Clinical Electrophysiology of Vision recommendations 9 and using DTL electrodes showed normal responses for both the photopic and scotopic systems in all 3 cases compared with our normative data.
Discussion
The 3 cases described here show that the visual function of asymptomatic patients with SCD with macular atrophy can be affected. Recent years have seen renewed interest for macular involvement in SCD, with the description of areas of inner retinal layers thinning by using spectral-domain OCT and OCT-A. 10 The pathophysiological process leading to the underlying atrophic process remains unknown. Some authors have considered that this retinal atrophy resulted from the same mechanisms as PSR: localized arteriolar occlusions due to sickled erythrocytes, leading to permanent or transient capillary nonperfusion and retinal ischemia and thinning. 11 They suggested that such macular atrophic areas precluded PSR. 12 However, these areas seem to be more frequently encountered in HbSS than in HbSC patients, 5 unlike PSR, which is far less frequent in HbSS than in HbSC patients. 13 In 2012, we hypothesized that the retinal atrophy at the level of the temporal median raphe in SCD could represent the ocular equivalent of a silent borderzone cerebral infarct, both processes occurring in junctional territories of the brain and the eye.
14 Cerebrovascular complications are a major concern in young patients with HbSS SCD. While the long-term motor and cognitive effects of cerebral strokes have long been known, studies have recently addressed the question of the possible expression of the-even more frequent-"silent" cerebral infarcts in SCD and showed that they were associated with severe cognitive impairment. 15 As a result, the indications of a prevention program with annual screening in children with SCD have been extended.
Limitations
These are 3 illustrative cases with large and profound areas of retinal atrophy, while in most cases encountered, the atrophic lesions appear less severe on OCT. One can only speculate so far that in all other cases, the impairment of the visual function would be proportional to the severity of the anatomical lesions.
Conclusions
Current recommendations for the ophthalmological follow-up of patients with SCD are exclusively based on the risk for PSR owing to its long-known dramatic possible consequences. Anatomical alterations of the central retina in patients with SCD are currently extensively described and referred to as asymptomatic. They are more frequent than PSR and do not occur in the same patients. Not only are they of considerable interest for the better understanding of the disease pathophysiology, but, as is the case for "silent" borderzone cerebral infarct on cognitive functions, they can also result in visual function impairment. This small case series stresses the need for large studies focusing on the functional consequences and evolution of SCD maculopathy.
